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“Laboratory Work in Physics B4” -- Handout No.8b
Your name ( ) Dec. 12th, 2016 (Mon.)

1. Simple explanation of powder X-ray diffraction

Generally, if one shine light with the wavelength A to a periodic structure with spacing d, diffraction
occurs. The condition for the diffraction is given by

nA=2dsinB(n=1,2,...).

This law holds when you put light to a crystal. However, because the inter-atomic distance in a crystal
is typically a few A, one should use light with similar wavelength, namely X-ray.

Since a crystal structure is three dimensional, we can consider several periodic structures with
different spacing d. Thus, various diffractions corresponding to each d occur. (To consider this more

seriously, we need “reciprocal lattice”. | explain this later.)
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e In case of single crystals
Diffraction pattern due to X-ray from a point-like source consists of spots. If you put a screen to detect
X-ray, we obtain multiple diffraction spots if one rotate the sample or if one use continuous-wavelength

source. (In the figure below, the black spots are due to diffracted X-ray)

e In case of powder

In case of powder, you don'’t get spot-like diffraction even when the source is point-like and the X-ray is
of only one wavelength.

We assume that each grain of the powder is single crystalline and they align completely random
directions. For simplicity first consider a periodic structure with the spacing d. One emits an X-ray of the
wavelength A. Then, among a large number of powder grains, only some satisfy the Bragg’s condition

between A and d to produce diffraction. Among them, as illustrated below, some grains diffract X-ray to



the upper direction; some diffract to the lower direction; some diffract to the direction perpendicular to
this paper. Important thing is that diffracted light always form angle 26 with respect to the incident light. If
directions of the grains are completely random and the number of the grains is large enough, adding up
all individual diffractions, the total diffracted light form a cone with the top angle 26. Therefore, if you put

a screen in the backside of the powder sample, we get circular diffraction patterns.
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As | wrote before, a crystal has multiple periodic structures with different d values. Then the diffraction
pattern contains multiple light-cones corresponding to each d, forming concentric circles on the screen.
(Debye-Scherrer ring). If one move an X-ray detector from the center of the screen to the outer side, the
detector get signals when it crosses one of the Debye-Scherrer rings. In this way, we get a spectrum

Intensity vs. 26. The 6 value of the peak and the Bragg condition allows you to determine d.
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Examples of Debye-Scherrer rings. If the powder is not “ideal”, the rings are not isotropic, leading to
error in the diffraction intensities. Be careful for your experiments. (quoted from HH R, RELT XK. #XK X

RBTORER %2k AEEE)



2. Powder X-ray diffraction experiment

Sample preparation
® Take a part of a YBCO pellet. Just a small chunk is fine.

Put the chunk in a mortar. Make powder but without too much force.

°
® Once you get some fine powder, add acetone and glue (cemedine) and mix further.
°

Put the powder to the glass plate for X-ray diffraction. Make the surface flat.

Put into the instrument

® Start the instrument

v

Instrument name: , manufacturer:

[This process should be done by staff or TAs]Put the glass plate to the holder.

Run a measurement

— Condition:
v' X-ray source, wavelength:
v’ 20range:
v 20 step:
v' Time for 1 step:
v' Others:
Finishing

® Shut down x-ray instrument.

® Clean the mortar with HCI and ethanol

® Take the glass plate and clean it with ethanol

Plotting data

® Print results from X-ray machine PC.

® Try to plot with gnuplot.



